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servation notes that formed the raw material for these studies and
might form the basis of dozens of still other ' conclusions.' The ad-
vantage of publishing the original material is obvious in affording
opportunity for further interpretations.
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Much interest has been aroused by the method of photometry in
troduced by Professor Rood in 1893 (Am. Jour. Sci., XLVL),
which is based upon the fact, first observed by Plateau, that there is a
definite relation between the intensity of two alternating light-sensa-
tions and the rate of frequency of repetition necessary to cause them
to become fused, that is, to cause 'flicker' to become extinguished
The less the difference of intensity of the two excitations, the less
rapidly do they need to alternate in order to produce a homogeneous
intermediate sensation; if a disc is half white and half black, it must
rotate more rapidly to extinguish flicker than if it is half a light gray
and half a dark gray, and the less the difference in the grays the less is
the rapidity of rotation that is required. This circumstance gives an
evident foundation for a method of photometry, which is of particular
advantage for the estimation of the brightness of different colors, since
the color constituent is found by most people to be very disturbing in
estimating relative brightness by plain inspection; by this method it
is only necessary to select from a number of grays of known bright-
ness the one with which the color in question will most readily fuse.

Schafhautl (Munch. Akad. Abh., VII.) had already proposed in
1855 a photometric method based upon the extinction of flicker, which
should give absolute intensities and not simply comparative ones; he
looked at a bright surface through a hole behind which a small screen
was caused to vibrate which alternately shut out and let through the
light from the surface to be examined. He assumed that the rapidity
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of vibration of the spring would be proportional to the square root of
its length (which would not be the case when the spring carries a
weight) and that the intensity of the light when flicker just ceased
would be proportional to the square root of the rate of vibration of the
spring (which is also not known to be true).

Schenck proposes, in his second communication, a modification of
the method of Rood, by which the color to be tested is placed upon a
color-disc on which there is a gray which goes gradually, from the
center outwards, from white to black; this is secured by painting
black upon a white surface in such a way that the amount of black at
any given narrow ring of the disc is proportional to the distance of
that ring from the center. He then looks at the rotating disc through
a small hole in a piece of cardboard, and determines at what distance
from the center fusion takes place with the lowest possible rapidity of ro-
tation ; this will be the position of that black and white mixture which is
of equal brightness with the color which is being tested, and the pro-
portion of black and white in it will be given by its distance from the
center. Outside and inside of this ring, flickering is still going on, be-
cause the gray is either too dark or too light to fuse with the color at
so low an intermittence frequency. The method was found to work
well. It was tested by determining the brightness of each of two
complementary colors, and then the brightness of their resulting gray
light and comparing this last with the brightness computed for the two
colors when mixed in the proportion necessary to give gray; the
coincidence was very close. This method of testing was of course
made use of by Rood, and described by him in his first communica-
tion. But the curious circumstance developed itself that when the
brightness of the papers was determined by direct inspection—by
choosing the gray which seemed to look equally bright with a given
color—very different results were obtained. The two brightest colors,
yellow and green, were given as much too bright by the intermittence
method, yellow especially so, while all the other colors, and par-
ticularly red, were given as too dull. No explanation has been found
by Schenck for this discrepancy. The idea of Hering that comple-
mentary colors have an opposite and compensatory specific brightness
effect does not apply, because here yellow and green belong in one
category, and red and blue in the other. Moreover, there is no ex-
tinction of the color in this experiment, it is merely spread in a thinner
layer over a larger retinal surface; therefore, there would be no sense
in assuming that the intermittence method determines the white-
valence alone, and by the test already referred to, it is evident that there
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is exactly determined by the intermittence method that element of
brightness (whatever it may be) which goes to the formation of the
brightness of the gray produced by the mixture of two complementary
.colors; from which it results that Hering's idea of the specific brighten-
ing and darkening power of the four colors is as meaningless and con-
fusing when it comes to a practical application as it is in theory. The
mere inability to detect by direct inspection the relative brightness of
two different colors seems to be also no sufficient explanation, because
it would appear that some definite affection of sensation is got by this
means which is common to different observers and to the same observer
at different times. The subject would apparently repay further in-
vestigation.

A curious circumstance was first noticed by Filehne, in 1885, in
connection with the fusion into one mean sensation of two rapidly
alternating sensations. If two discs are prepared, one of four alter-
nate equal black and white sectors and the other of sixteen, and if
the first be given a rotation velocity four times as great as that of the
second, then the rate of alternation of black and white excitations upon
a given point of the retina is alike in both cases, but, nevertheless, the
conditions are not equally favorable for fusion; the rapidly rotating
disc will present a fusion of sensation at a time when flicker is still
persisting in this disc of many sectors. Mere linear velocity seems
in some curious way to assist the fusion. Thirty alternations per
second suffice to produce fusion in the one case, while if the sectors
are numerous and the disc rotates in the same proportion slower, flicker
may persist with over seventy alternations per second. Fick found
that when parallel lines were drawn on a drum which rotated about
an axis parallel to the lines, as many as 170 alternations a second
might be necessary to produce fusion, but that if the moving lines
were looked at through a slit, flicker ceased at forty per second. He
suggested that this discrepancy was owing to the fact that when the
speed of translation is slow the eye more readily follows the moving
contour of the sectors, and the alternating excitations do not fall in
order upon exactly the same part of the retina, but that the use of a small
aperture for observation prevents this movement of the eyes. Schenck's
first paper is devoted to upholding this view as against Marbe, who
maintained that the slow contour movement in itself is enough to re-
tard fusion. He does this first by experiment, and he then shows with
much skill that the theoretical considerations by which Marbe has
sought to deduce his view as to the effect of contour motion from his
theory of Talbot's law are ineffective, and also that his theory is at
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bottom not different from the usual theory, and especially not so well
stated as by Boas (Ann. d. Phys. u. Chem., N. F . XVI.). To sum
up, the moments which affect fusion favorably are these:

1. Diminution of the duration of the double period.
2. Increase in the difference of duration of the two separate exci-

tations.
3. Diminution in the difference of intensity of the two excitations.
4. Increase of the absolute mean intensity.
5. More rapid contour motion (in the case of rotating discs).
Marbe's explanation of the effect of the first four of these circum-

stances is the same as that of Boas. His explanation of the last,
which is that it is due to contrast, is counter-indicated by an experi-
ment of Baader's, in which a disc is prepared of alternate black and
white half rings, and it is found that fusion takes place just as well as
with solid half circles of black and white, in spite of the fact that ad-
joining rings upon the retinal surface are in the first case constantly in
opposite phases of excitation, and hence favorable to the production of
contrast. Schenck himself seems to think that, when fusion is pre-
vented by reason of eye-movements, it is by means of a psychical
effect, ein deutliches Erkennen der Conturen; does he not here
overlook the very evident fact that when the eye follows the contour
a given part of the retina is exposed for a longer time to white and
respectively to black and that there is, therefore, a physical effect
which is exactly the same as if the disc were rotating more slowly ?

Mr. Griinbaum's paper presents a degree of obscurity in the de-
scription of a sufficiently simple experiment which one would have to
go far to see equalled; in grammar even it is not above reproach.
His experiments show apparently that even the use of an aperture does
not do away with what we may call the Filehne anomaly, described
just above, unless there is a constant relation between the size of the
aperture and the cross-section of the black and white disc-sectors
which are sweeping past it. Consider for a moment what would be
the effect of a non-constant relation between the two quantities just
named: let a and b be two equal discs, each with alternate equal
black and white sectors, but let the individual sectors of b be ten times
as large as those of a, and at the same time let them rotate ten times
as rapidly. If they are looked at through apertures at the same dis-
tance from the center of each disc, then the conditions as regards any
given retinal point will be alike in both cases, it will be subjected to
alternate black and white excitation in periods of the same duration.
But there will be a difference as regards the square surface of the
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retina as a whole upon which the image of the aperture falls. If the
black and white sectors are no wider across at the point examined than
is the aperture, then there will be no perceptible time during which
the -whole aperture is black or is white, but if the sectors are the large
and the rapidly moving ones, then the whole aperture will be a good
part of the time exposed wholly to either black or white. The former
case, according to Griinbaum, is favorable to simultaneous contrast,
and hence the difference in physiological intensity of the two stimuli
is increased, and fusion is interfered with. He refers to Sherrington's
paper (about to be noticed) for proof of this effect of contrast; but
Sherrington found, under favorable circumstances, that contrast caused
34 rotations per second to be essential to fusion when without it 22
were sufficient, while Griinbaum gets, for changing breadth of sector
(everything else remaining the same) a change of number of rotations
from 43 to 225. It is difficult to believe that such a difference as this
could be due to contrast. Moreover, are not the conditions as favor-
able to successive contrast in the latter case as they are to simultaneous
contrast in the first ? Griinbaum considers it improbable that ' when
an aperture of 5 mm. is used and the eye focussed for a cross drawn
upon the screen' (by which he doubtless means to say that the center
of a cross is fixated) any movement of the eye can occur. One might
equally well say that, under these circumstances, very small move-
ments of the eye, which are known to be unavoidable, would be suf-
ficient. He neglects to say that his explanation is the same as that
given by Marbe, and criticised as above by Schenck.

Burch experimented with spectral light, which he made intermit-
tent by means of a rotating screen pierced with holes. His double
period consisted of a short duration of very bright light and a long
duration of darkness. When the dispersion was wide, so that the field
of view of the spectroscope was sensibly of one color, and when the
rotation was too slow to produce fusion, he detected patches of darkness
of the same shape as the interstices between Purkinje's figures. With a
very short duration of the flash, the yellow spot of the retina became sub-
jectively evident; under certain circumstances "upon looking steadily
at the part inside the bend of the absorption band between C and Z>,
it is seen to be occupied by an irregular group of brilliant red dots on
a ground of beetle-green or steel-blue." When the flashes were of
very great intensity, instead of a continuous spectrum there were seen
three bands of color, red, green and blue, upon a brightly illuminated
whitish background. The explanation given of this latter phenomenon
by Mr. Burch is very ingenious, and, as it happens, it fits in very well



PSYCHOLOGICAL LITERATURE. 435

with my theory, in fact, it is much the same as the explanation that I
have given, under simpler circumstances, for the lesser purity of the
portions of the spectrum between the fundamental colors in general.
It is this: a given color-decomposition (if we speak in chemical terms,
for the sake of clearness), will be effected chiefly by a certain oscilla-
tion frequency of light, which we may call its optimum period, but it
will also be effected to a less extent by other rates on either side of
this. Now when the light employed is very intense, a maximum de-
composition will be effected by periods at some distance on either
side of the optimum period. With a steady illumination, this would
make the whole spectrum whitish, and very bright, but with an inter-
mittent illumination, the resulting sensation is not so intense as to
prevent the observer from recognizing the greater apparent brilliancy
of those portions where two color-sensations overlap, and accordingly
those parts look brighter than the rest and have the pale tints of binary
color-blends. The author apologizes for this explanation on account
of the fact that it posits red, green and blue (in opposition to Hering)
as the primary colors. (He saw violet, under certain circumstances,
as very bright also, but an easy explanation lies at hand for this—
there are only a few red-producing rays at that end of the spectrum
with which to diminish the purity of the blue.) This is, however,
an element in its favor, and he has moreover other observations, not
yet published, which will confirm this view.

C. L. FRANKLIN.
BALTIMORE.

Neue Versuche iiber intermittende Gesichtsreize. KARL MARBE.

Phil. Studien, XIII., i. 106-115.

The author investigates the relations between the critical period of
duration of intermittent visual stimuli and the average brightness
(Helligkeit) of the stimuli. " For two visual stimuli which fall upon
the retina successively and periodically, there is a certain short period
of duration in which they produce a constant sensation." This the
author calls the critical period of duration. According to Baader, the
critical period grows for two colorless stimuli, as the difference of
brightness between the two sensations decreases. This is true alike
when the average brightness increases with the increasing difference
between the stimuli, and when the average brightness is constant.
Kleiner showed that, with a difference of stimuli increasing from o on,
the critical period decreases at first very rapidly, then slower and
slower, until finally the decrease almost ceases. The author asks and


